tion. In addition, some peptide analogs, such as 0-lactam antibiotics and bestatin, have been found to be transported by this transport system (Brandsch et al., 1994) , implying clinical applications of the intestinal peptide transport system.
There is no clear picture of the physiological significance of peptide transport in planta. It has been reported that isolated scutella from germinating barley (Hordeum vulgare) seeds have the ability to transport small peptides that are released from endosperm into the embryo, and are subsequently hydrolyzed to amino acids for growth (Sopanen et al., 1977; Higgins and Payne, 1978; Salmenkallio and Sopanen, 1989) . Also, the isolation of plant peptide-conjugated hormones (Andreae et al., 1955; Winter and Thimann, 1966) implies the possible involvement of a peptide transport system in the regulation of plant hormone activity (Higgins and Payne, 1982) . Peptide transport systems may be involved in the movement of such hormonepeptide conjugates within the plant. In addition, severa1 phytotoxins produced by plant pathogens are modified peptides (Willis et al., 1991) . It is possible that peptide transport systems could transport small peptide phytotoxins such as the dipeptide tabtoxin, produced by Pseudomonas syringae pv tabaci (Gross, 1991) , or the tripeptide phaseolotoxin, produced by Pseudomonas phaseolicola (Mitchell, 1976; Mitchell and Bieleski, 1977) . Recently, we have isolated two unique peptide transport genes from Arabidopsis thaliana. However, only one of these genes, AtPTR2-B, accumulates mRNA to a significant level. Our results indicate that AtPTR2-B is highly expressed in siliques, flowers, roots, leaves, stems, and germinating seeds (Song et al., 1996) , suggesting an important role in plant growth and development.
To study the in vivo role of the peptide transport gene AtPTR2-B in plants, we created transgenic Arabidopsis plants expressing antisense or sense constructs of AtPTR2-B under the control of the cauliflower mosaic virus 35s RNA Abbreviations: BA6, BA8, BA21, and BA27, independent transgenic Arabidopsis thaliana lines expressing AtPTR2B in an antisense orientation; BS1, BS2, and BS9, independent transgenic A. thaliana lines expressing AtPTR2B in a sense orientation; cM, centimorgan. Plant Physiol. Vol. 114, 1997 promoter. A number of transgenic plants with reduced AtPTR2-B mRNA accumulation were identified. Consistently, these transgenic plants exhibited delayed flowering and an arrest of seed development.
MATERIALS AND METHODS

Construction of Binary Ti Plasmids Containing Antisense or Sense cDNAs
The plasmids containing the truncated AtPTR2-B gene were constructed starting with a pBluescript SK-2B containing the complete cDNA clone of AfPTRZ-B (Song et al., 1996) . To clone AtPTR2-B into the XbaI site of the plant expression vector pGA941 (with the 35s RNA promoter sequence and kanamycin resistance gene nptll Czako and An, 1991] ), AtPTR2-B was subcloned sequentially into pUC19 and pBluescript SK. The SacI-XbaI fragment of AtPTX2-B from pBluescript SK-ZB, which has a 100-bp deletion of the coding region and lacks 230 bp from the 3' noncoding region of the AtPTR2-B cDNA, was inserted between the Sacl and XbnI restriction sites of pUC19. The EcoRI and Sal1 fragment containing AtPTR2-B was then excised from pUC19 and cloned into pBluescript SK. The XbaI fragment containing AtPTR2-B was liberated and inserted into the XbaI site of pGA941. The sense and antisense orientation of AtPTR2-B in pGA941 was determined by restriction enzyme digestion analysis. The sense gene construct was designated pGA-2BS and the antisense gene construct was designated pGA-2BA.
Transformation of Agrobacterium tumefaciens
The pGA941 plasmids containing the antisense or sense AtPTR2-B construct were transformed into Escherichia cozi MClOOO (Casadaban and Cohen, 1980 ; this strain gives a higher efficiency of transformation than other strains tested), and transformants were selected on Luria broth medium containing kanamycin (10 p g / mL) and tetracycline (3 kg/mL) (Czako and An, 1991) . The plasmids were then isolated and transformed into A. tumefaciens strain EHA105 (Hood et al., 1993) by electroporation (Sambrook et al., 1989) . Transformants were selected on YEP medium (for 1 L, 10 g of Bacto-peptone, 10 g of Bacto-yeast extract, 5 g of NaC1, and 15 g of agar, pH 7.0) containing tetracycline (3 pglmL), kanamycin (10 pg/mL), and rifampicin (25 pg/ mL). The plasmids were isolated from the A. tumefaciens transformants by the alkaline lysis method (Sambrook et al., 1989) and then digested with XbaI, BamHI, or EcoRI to confirm that no changes occurred in the plasmid DNA.
Plant Transformation and Analysis of Transgenic Plants
Transformation of Arabidopsis thaliana was performed by root-explant transformation as previously described (Marton and Browse, 1991) . The regenerated plants from A. tumefaciens-treated roots were selected on kanamycincontaining medium (75 pg/mL). Transgenic plants were transferred to soil and grown in a Percival plant growth chamber (MFG Co., Boone, IA) (21-24"C, 16 h of light and 8 h of dark). Genomic DNA was isolated by the cetyltrimethylammonium bromide method (Rogers, 1985) and digested with BamHI for detection of the transgenic sense AtPTR2-B or with EcoRI for detection of the transgenic antisense AtPTR2-B. Genomic Southern analysis was done as described in Sambrook et al. (1989) . A 32P-labeled AfPTR2-B-specific DNA probe (NotI fragment from pBluescript SK-2B) was obtained using a random hexamerprimed labeling kit (Promega). For northern analysis, total RNA was extracted from leaves, roots, and flowers using the TRIzol Reagent kit, (GIBCO-BRL). To measure the mRNA leve1 of the host gene AtPTR2-B in plants, a 330-bp SacI/NotI fragment (from pBluescript SK-2B) derived from the 3'end of AtPTR2-B was radiolabeled as a probe. The transgenic AtPTR2-B gene lacks this sequence. As a control for RNA loading, membranes were hybridized with a 28s rRNA-encoding cDNA probe (Takaiwa et al., 1984) . The amount of the endogenous AtPTR2-B mRNA in the samples was determined by densitometry analysis of the autoradiograms using a computing densitometer (model325 E, ImageQuant, Molecular Dynamics, Sunnyvale, CA; quantitation by volume integration). The intensity of a mRNA signal was expressed as a percentage of the wild-type signal occupied among a11 signals compared. In every case, signals were corrected for RNA loading based on hybridization with a 28s rDNA probe.
Seed Germination and Segregation of Kanamycin Resistance
Seeds were sown to a density of 50 to 100 seeds per plate on G-H medium (Marton and Browse, 1991 ; for 1 L, 3.1 g of Gamborg's B, salts, 3 mL of 6% [w/v] KHJ' O,, 30 g of SUC, and 10 g of agar, pH 5.6-5.8). Parafilm-sealed plates were placed at room temperature in the dark for 2 d before transferring to the growth chamber, with a photoperiod of 16 h of light and 8 h of dark. Plates lacking kanamycin selection were used to measure germination frequency. Seedlings were individually transferred aseptically to plates containing 75 p g / mL kanamycin, sealed, and placed back in the light. After 10 d plates were scored for kanamycin sensitivity, as characterized by chlorosis and death.
Microscopic Analysis
For scanning electron microscopy, green siliques were dissected under the stereomicroscope and fixed in 3% glutaraldehyde in 0.025 M sodium phosphate buffer (pH 7.0) at 4°C for 12 to 16 h. The samples were then rinsed in the same buffer briefly and postfixed in 1% OsO, in 0.05 M sodium cacodylate buffer (pH 7.0) at 4°C for 12 to 24 h. After rinsing with 0.025 M sodium phosphate buffer (pH 7.0), the samples were dehydrated in a graded ethanol series (25-100%0) at 4°C. The treated siliques were criticalpoint-dried using liquid CO, and mounted on scanning electron microscopy stubs. The mounted specimens were coated with go1d:palladium (60% / 40%) and observed with a scanning electron microscope (Autoscan, ETEC, Hayward, CA) at 20 kV. Photographs were taken using type 55 Polaroid film.
To observe embryo development at different stages, stereomicroscopic analysis was performed. Seeds were removed from siliques at the different stages of development, dissected and examined using a stereomicroscope with the magnifications of 10X to 15X.
Phenotypic Analysis of Transgenic Plants
The average weight per seed was determined by weighing 5 samples of 100 seeds each, and the average seed number per silique was measured by counting the seed number of 30 siliques. The length of siliques was determined by measuring 30 siliques for each transgenic line.
Seed development in siliques was analyzed by dissecting the siliques and examining the seeds under a dissecting stereomicroscope (10 x).
Chromosome Number
The chromosome number was determined by acetoorcein staining of flattened root tips (Berlyn and Miksche, 1976) . Briefly, young (2-3 weeks old) seedlings grown on G-H medium were incubated in 0.15% colchicine for 3 h at 22°C. Plants were fixed in an ethanoliglacial acetic acid (3:1, v/v) solution for 1 h at 22°C. Fixation was repeated overnight at 4°C, and these samples were gradually rehydrated from 50% ethanol to water. Samples were transferred into a 45% aceto-orcein, 1 N HC1 solution for 5 to 10 min and placed onto a new glass slide in a drop of dilute 45% aceto-orcein stain. Root tips were removed and flattened as previously described (Berlyn and Miksche, 1976) . The chromosome preparation was analyzed by a phase-contrast microscope (1000X, Zeiss) and photographed using T-MAX 400 film (Kodak).
Mapping
Genomic DNA was isolated from A. thaliana ecotypes Landsberg erecta and Columbia and digested separately with the restriction enzyme BamHl, Bell, Hpal, or Xbal. The digested genomic DNA was then subjected to electrophoresis and blotted to a neutral nylon membrane (Sigma). Southern blots were hybridized with a 32 P-labeled AtPTR2-B-specific cDNA probe to detect a polymorphism between the two ecotypes. Polymorphisms were detected for Hpal, Bell, and Xbal restriction enzymes, and Xbal was selected for the mapping.
AIPTR2-B was mapped using 98 recombinant inbred lines generated from the cross between the Columbia (Col-0) and Landsberg erecta ecotypes (Lister and Dean, 1993) . The AtPTR2-B-specific cDNA probe was prepared using a random-priming kit. Blots with Xfoal-digested DNA from the 98 recombinant inbred lines were prepared as described previously (Ausubel et al., 1995) . The filters (GeneScreen Plus, DuPont-New England Nuclear) were hybridized and washed according to the manufacturer's recommendations, exposed to phosphor imager screens (Molecular Dynamics) and developed. The segregation of the marker in the recombinant inbred lines was followed as previously described by Lister and Dean (1993) .
RESULTS
Detection of Transgenic Antisense and Sense DNA
To determine whether the genomic DNA of the putative transformants contained the transgene DNA, genomic Southern-blot hybridization was carried out using a /UPTR2-B-specific probe. Because the wild-type genomic DNA generated a single band when digested with EcoRl or BamHl, the transgene AtPTR2-B was distinguished from the endogenous AtPTR2-B due to the different sizes of their genomic DNA fragments (Fig. 1) . Screening 10 antisense and sense transformants, respectively, generated four independent antisense lines, namely BA6, BA8, BA21, and BA27, and three independent sense lines, BS1, BS2 and BS9. BA8, BA21, and BS1 contained one copy of AtPTR2-Bcontaining T-DNA, whereas BA6, BA27, BS2, and BS9 contained two copies of T-DNA (Fig. 1) . The copy number of T-DNA was further confirmed by the segregation analysis of kanamycin resistance conferred by the nptll gene carried within T-DNA (data not shown).
Decreased Levels of AtPTR2-B mRNA because of Antisense Gene Inhibition
The effect of AtPTR2-B antisense gene expression upon the steady-state levels of the endogenous AtPTR2-B mRNA was analyzed. Total RNA was extracted from the leaves, roots, and flowers of transgenic plants. The RNA was probed with a 330-bp Sacl/Notl fragment of AtPTR2-B. This fragment is absent from the transgene and will only detect the endogenous mRNA. As shown in Figure 2 , AtPTR2-B mRNA levels were significantly reduced in leaves ( Fig. 2A mRNA levels varied among these transgenic lines, with BA21 showing the most significant reduction in AtPTR2-B mRNA (60-80%). Surprisingly, AtPTR2-B mRNA levels were not significantly reduced (approximately 10%) in extracts of the root tissue (Fig. 2B ).
Endogenous AtPTR2-B mRNA Levels Vary among Plants
Transformed with the Sense Construct
The RNA gel-blot data, as shown in Figure 2 , indicate that the endogenous AIPTR2-B mRNA in leaves was reduced approximately 40% in line BS2, as compared with the wild type. This reduction (30-40%) was also found in the AtPTR2-B mRNA levels from flowers (data not shown). In contrast, lines BS1 and BS9 showed wild-type levels of endogenous AIPTR2-B mRNA. We propose that reduction of AIPTR2-B expression in line BS2 is due to co-suppression (Dougherty and Parks, 1995) . As shown below, consistent with this idea, the phenotypes of the BS2 line resemble that of the antisense transgenic plants.
Reduced Levels of AIPTR2-B mRNA Correlate with
Delayed Flowering
One of the earliest phenotypic changes observed among the transgenic lines was late flowering (Fig. 3) . Control wild-type plants and those transformed with the pGA941 vector alone started flowering after approximately 3 weeks of vegetative growth. In contrast, flowering of the antisense lines and the sense line BS2 was delayed for 7 to 15 d. The sense lines BS1 and BS9 flowered at the same time as the controls. Moreover, prior to initiating flowering, the lateflowering plants produced rosette leaves 3-fold larger than those of the controls (Table I) , although the number of the rosette leaves was the same. After transition to flowering, the late-flowering lines generated bigger inflorescence stems and flowers, as well as more cauline leaves (data not shown). However, the flower structure of the late-flowering plants was similar to that of the controls. Altmann et al. (1994) reported that a significant proportion (13-38%) of transgenic Arabidopsis plants obtained by a T, transgenic plants were obtained from T, seeds germinated on kanamycin-containing medium and then transferred to the soil. Therefore, all T, transgenic plants analyzed were homozygous or heterozygous and resistant to kanamycin.
Mean leaf weight of the AtPTR2-B transgenic lines BA6, BA8, BA21, BA27 and BS2 i s significantly different from the mean leaf weight of wild-type and pCA941 vector controls (t = 19.016, df = 18, and P < 0.001), as well as different from the transgenic lines BS1 and BS9 (t = 0.336, df =. 18, and 0.1 < P < 0.999). A two-sample Student's t test was used to test for the significant differences between sample means (Steel and Torrie, 1980) . SD was derived from the average of 10 leaves taken from at least two independent plants for each line. pGA941 vector control.
A. tumefuciens infection of root explants were tetraploid or aneuploid. The tetraploid transgenic plants obtained showed late flowering and larger leaves. Because these phenotypes were also found with our AtPTR2B transgenic plants, we sought to confirm the diploid (2% = 10; HeslopHarrison and Maluszyuska, 1994) chromosome number of our A. tumefaciens-mediated transgenic plants. This analysis consistently showed 10 2 3 chromosomes in flattened roots from the wild type and each of the transgenic plant lines (data not shown). We conclude that the phenotypes observed in the AtPTRZB plants are not due to tetraploidy but are the result of transgene expression.
Arrested Seed Development Correlates with Decreased AtPTR2-B mRNA Levels
As described above, peptide transport has been suggested to play an important nutritional role in supplying nitrogen to the plant embryo (Higgins and Payne, 1978) . Our previous results indicate that AtPTK2-B mRNA is highly expressed in young siliques (Song et al., 1996) , suggesting its role in seed development. Therefore, reduction of AtPTR2-B mRNA levels might affect seed maturation. To test this hypothesis, the reproductive organs (flowers and siliques) of the control and transgenic plants were examined. The transgenic flowers did not show any visible differences from those of the control, except for their slightly bigger size (data not shown). Table I1 shows that the transgenic lines produced siliques the same length as the controls, indicating that the reduction in AtPTR2-B a Seeds resulting from self-pollination of T, plants.
Mean silique length of AtPTR2-5 transgenic lines i s not significantly different from the mean silique length of wild-type and pCA941 vector controls (t = O, df = 58, and 0.5 < P < 0.999). A two-sample Student's t test was used to test for the significant differences between sample means (Steel and Torrie, 1980) . Mean seed number per silique of AtPTRZ-5 antisense transgenic lines and BS2 i s significantly different from the mean seed number of wild-type and pCA941 vector controls (t = 8.884, df = 58, and P < 0.001), as well as different from transgenic lines BS1 and BS9 (t = 1 S46, df = 58, and 0.5 < P < 0.999).
Mean seed number per silique length of AtPTRZ-B antisense transgenic lines and BS2 is significantly lower than the mean seed number per silique of wild-type and pCA941 vector controls, as well as different from transgenic lines BS1 and BS9.
"Mean seed weight per seed of AtPTR2-B antisense transgenic lines and 652 i s significantly different from the mean seed weight per seed of wild-type and pGA941 vector controls (t = 27.848, df = 8, and P < 0.001 ), as well as different from the transgenic lines BS1 and BS9 (t = 0.844, df = 8, and 0.5 < P < 0.999).
SD is average of five samples of 100 seeds each line.
SD was derived from average of 30 siliques.
Plant Physiol. Vol. 114, 1997 mRNA did not appear to affect silique formation and growth. However, the seed number per silique was significantly decreased in the antisense plants and the sense plant BS2 when compared with that of the controls, implying that reduced AtPTR2-B mRNA expression affects seed development. In contrast, the sense plants BS1 and BS9, expressing normal levels of AIPTR2-B mRNA, produced a similar number of seeds per silique as the controls. The seed weight per seed was significantly greater in the antisense and BS2 lines when compared with the controls or the BS1 and BS9 lines. This suggests a similar import of nutrients into the transgenic and control siliques, which is then utilized in the antisense transgenic lines to produce fewer seeds.
The fact that the siliques formed by the transgenics and the controls were of the same length, but that fewer seeds were produced in the transgenics, suggests that silique elongation and seed development are independent events with regard to AtPTR2-B expression. To further address the role of AtPTR2-B in seed development, young and mature siliques were dissected and examined by stereomicroscopy and scanning electron microscopy. As shown in Figure 4A , the transgenic mature siliques contained healthy and aborted seeds, which were easily distinguished from each other by the differences in seed shape and size; the aborted seeds (shrinkage likely due to dehydration) were significantly smaller than the healthy seeds (Fig. 4B) , and the early-developed seeds, such as heart-stage embryocontaining seeds in young siliques, did not show a signif- icant difference in seed size and shape (data not shown). Table III summarizes the number of the healthy and aborted seeds per silique. Siliques on the control plants contained an average of 45 healthy seeds and 2 aborted seeds, but at least one-half of the seeds were aborted in siliques of the antisense lines and line BS2 (20 aborted seeds on average per silique).
Mapping of AtPTR2-B
A Xbal polymorphism between Landsberg erecta and Columbia was used to map the AIPTR2-B gene, using the collection of recombinant inbred lines generated by Lister and Dean (1993) . AtPTR2-B maps to chromosome 2 at 10.5 cM close to the RFLP marker m246 at 14.1 cM ( Fig. 5 ; data are accessible at http:/ /nasc.nott.ac.uk/new_ri_map.html).
DISCUSSION
In the past decades peptides and peptide-like compounds and their corresponding transport systems have received little attention in plants. However, several lines of evidence have demonstrated that peptide transport not only exists in plants, but may participate in central physiological processes such as nutrition. The finding of significant amounts of peptides and their putative transport among different organs, such as long distance transport via the phloem and xylem, suggest that there are peptide transporters present in the plasma membrane of these cells (Higgins and Payne, 1982) . Moreover, plant cells presumably have different peptide transport systems to correspond to various peptides and their identified analogs, such as peptide-hormone conjugates (Klambt, 1960; Thurmann and Street, 1962; Bewley et al., 1986), phytotoxins (e.g. tabtoxin and phaseolotoxin; Walton, 1990; Willis et al., 1991) , and the dialanine-based herbicide, bialaphos (Damm et al., 1993) . Consistent with this idea, it was found that phaseolotoxin can be transported via the oligopeptide permease system in £. coli and Salmonella typhimurium (Staskawicz and Panopoulos, 1980) . Peptide transport so far has been characterized only in barley grains and broad bean leaf tissues. In barley seeds this process occurs in the scutellum tissue, which is responsible for the transport of peptides resulting from the hydrolysis of seed proteins in endosperm to the embryo (Sopanen et al., 1977; Higgins and Payne, 1978) . Jamai et al. (1994) reported that a peptide transporter also exists in mature leaves from broad bean and that it may be responsible for the exchange of nitrogenous compounds. Our recent isolation of two unique Arabidopsis peptide transport genes, AtPTR2-A (Steiner et al., 1994) and AtPTR2-B (Song et al., 1996) , provides direct evidence for the presence of peptide transporters in plants. Differences in kinetic characteristics and expression patterns further suggest that these two peptide transporters play different physiological roles in planta. The high level of expression of AtPTR2-B in all Arabidopsis organs implies that AtPTR2-B has a central role in plant growth and development.
To assess the in vivo role of AtPTR2-B, Arabidopsis plants were transformed with an antisense or sense con- struct of the AtPTR2-B cDNA under the control of the cauliflower mosaic virus 35s RNA promoter. In severa1 transformant lines reduced amounts of AtPTR2-B mRNA were found. The reduction in AtPTR2-B expression correlated with marked effects on seed development and time of flowering. As suggested previously, peptide transport may play a nutritional role in seed development (Higgins and Payne, 1982) . Thus, we examined seeds collected from wild-type and transgenic plants at different stages of development under the stereomicroscope. The wild-type plant produced normal and healthy seeds, whereas some of the seeds formed by the antisense and BS2 transgenic plants were arrested in development. In the latter case, no differences in seed shape and color were observed in the transgenic siliques before or at the heart stage of embryo development. However, after the heart or torpedo stage, arrested seed development was observed in the transgenic siliques. At this point, some seeds contained green and intact embryos that were easily distinguished from other parts of the seed, whereas the aborted seeds appeared white and empty. After entering the mature cotyledon stage of development, these two types of seeds could be easily separated from each other. The normal seeds appeared as healthy as those in the wild-type siliques, whereas the aborted seeds were much smaller. These observations suggest that the arrest in seed development occurred after the heart or torpedo stage of embryo development and are consistent with the speculation that the peptide transporter may be involved in the import of nitrogen into the embryo, which occurs mainly during the maturation stage of seed development (Bewley and Black, 1986) . The reduction in the leve1 of the AtPTR2-B transporter as a result of antisense expression might affect the import of nitrogenous nutrients into seeds, thus arresting normal seed development. Genetic mapping places the AtPTR2B gene at 10.5 cM on chromosome 2, close to the restriction fragment length polymorphism marker m246 at 14.1 cM. A search of the Arabidopsis mutant database revealed the presence of two known embryo defective mutants, emb34 and erpb93, that map close to this location. The T-QNA insertional mutant emb93 maps at 11 cM on chromosome 2 on the classical map (Castle et al., 1993; Franzmann et al., 1995) . Embyro development in emb93 is blocked at the transition from the globular to cotyledon stage of seed development. This phenotype compares favorably to our preliminary analysis of the blockage of seed development in the AtPTR2B antisense lines. The EMS-generated mutant emb34-1 and the allelic x-ray mutant emb34-2 map some 4 cM to the other side of marker m246 with respect to AtPTR2B. However, the map positions of both emb93 and emb34 are with respect to the classical map and, therefore, their positions may not coincide directly with the map generated with the recombinant inbred lines. Therefore, although the phenotype of the AtPTR2B antisense plants and map location of AtPTR2B close to known embryo defective mutations are an interesting coincidence, more work will be required to show whether these mutants do indeed identify the AtPTR2B locus.
Our previous studies showed that toxic peptides, such as Ala-ethionine and Leu-ethionine, effectively inhibited root growth, and that this inhibition could not be reversed by the addition of amino acids (Steiner et al., 1994) , suggesting Plant Physiol. Vol. 114, 1997 that the plant roots must have a peptide transporter. We expected that the antisense AtPTR2-B plants would allow us to test the role of this transporter in the uptake of toxic peptides by roots. However, these antisense plants showed little reduction in endogenous AtPTR2-B mRNA root expression when compared with the wild-type plants. Consistent with these measurements, root elongation of the sense and antisense plants was inhibited in the presence of the toxic peptide Leu-ethionine (data not shown). Therefore, the transporter mediating toxic peptide uptake in roots remains to be identified. It was a surprising finding that antisense expression of AtPTR2-B reduced expression of the endogenous gene in leaves and flowers, but not in roots. However, antisense inhibition is rarely 100% and the degree of inhibition can vary in different tissues (Van der Krol et al., 1988) .
The initiation of flowering is a complex process that is regulated by a combination of developmental programs and responses to environmental signals (Lang, 1965; VincePrue, 1975) . The transition to flowering in Arabidopsis is promoted by long-day photoperiods and vernalization and is also affected by growth temperature, nutrient availability, and light quality (Bowman, 1994) . Analysis of various mutants affected in flowering indicates that the transition to flowering may be promoted by more than one pathway (Koornneef et al., 1991) . Surprisingly, our transgenic plants exhibited a typical late-flowering phenotype followed by strong leaf growth. This change correlated with the reduced AtPTR2-B expression. The delayed flowering seen in the transgenic plants may simply be due to the nutrient defect caused by reduced peptide transport activity. However, the possibility that AtPTR2-B-mediated transport may be involved in a pathway that regulates the transition to flowering cannot be excluded.
